Depression is a major health problem worldwide with a lifetime prevalence of almost 17% and annual incidence of 1.59%.\[[@ref1]\] By 2020, it is projected that depression is going to be the second leading cause of worldwide disability. In 1980s, interest in the association between depression and the immune system arose when chronic inflammatory illnesses, for example, rheumatoid arthritis were noted to be accompanied by depression. Studies showed that cytokines modulate brain neurotransmission and the activity of the hypothalamic--pituitary--adrenal axis, both of which are disturbed in depression\[[@ref2][@ref3][@ref4]\]

This line of research resulted in the propagation of "cytokine hypothesis of depression" which implies that pro-inflammatory cytokines, acting as neuromodulators, cause many of behavioral, neuroendocrine, and neurochemical changes seen in depressive disorders.\[[@ref2]\] Meta-analysis of studies in this field suggest that depression seems to be associated with inflammation and that many immunological changes occur in patients with major depressive disorder.\[[@ref5][@ref6]\]

Patients with major depression have been found to exhibit significant elevations of innate immune cytokines, acute phase proteins and inflammatory mediators. Studies indicate that of these markers of inflammation, elevations in interleukin-6 (IL-6), and C-reactive protein (CRP) are among the most frequently observed.\[[@ref7]\] Due to the relationship between body mass index and CRP and IL-6 (adipocytes are capable of producing IL-6 and so are macrophages within fatty tissues), elevations of these markers in patients with obesity should be interpreted with caution.\[[@ref8][@ref9]\]

It has been postulated that antidepressants which are effective in treating depression do so by acting on neurotransmitter receptors.\[[@ref10]\] Research evidence has suggested that antidepressants of several classes decrease the production of pro-inflammatory cytokines such as interferon-gamma and tumor necrosis factor-alpha (TNF α) and increase that of IL-10, an anti-inflammatory cytokine.\[[@ref11]\] Thus, it has been proposed that antidepressants produce some of their effects by immunomodulation and cause reduction of pro-inflammatory cytokines and increase of anti-inflammatory cytokines.\[[@ref11]\]

Studies of both cell-mediated and humoral immunity markers in depression have produced conflicting results about the association between depression and immunity, although majority of the literature suggests an association between increased pro-inflammatory cytokines and depression.\[[@ref10][@ref11][@ref12]\] Age also has an influence on cellular immunity, and it appears that depression exacerbates age-related immune alterations leading to decline in immunity.\[[@ref13]\] Depressed patients show an exaggerated activation of the inflammatory response following acute psychological stress, with greater increases of IL-6 as well as activation of nuclear factor-kappa B, a transcription factor that signals the inflammatory cascade.\[[@ref14]\] Increase in circulating levels of other pro-inflammatory cytokines such as TNF α and IL-1 have also been reported in depressed patients.\[[@ref15]\] Depression appears to yield increase in inflammatory markers in some patients and decreases natural killer (NK) cell response in other patients.\[[@ref13]\]

However, most of these studies did not assess the effect of antidepressant treatment on immune markers. A review of published literature reveals that no Indian study has been undertaken in this field so far. It was therefore proposed to study the association of depression and certain markers of both cell-mediated and humoral immunity in Indian patients and also to study the effect of antidepressant treatment on this association.

MATERIALS AND METHODS {#sec1-2}
=====================

Sample for the study comprised 100 participants. The study group comprised 50 cases of depression treated as inpatients or on outpatient department basis in the Psychiatry Department of a tertiary care hospital in Pune, and 50 age- and sex-matched participants served as the control group. The inclusion criteria for cases in the study group were those meeting International Classification of Diseases, Tenth Edition criteria\[[@ref16]\] for Depressive episode, Recurrent Depressive disorder or Dysthymia, nonsmokers, nonalcoholics/abstinent from alcohol for the last 6 months and not having taken antidepressant medication for 6 months before the study. Exclusion criteria were history of any other comorbid psychiatric illness, HIV seropositivity, immunocompromised status, pregnancy, acute or chronic infections, autoimmune, allergic, neoplastic, or endocrine diseases and other acute physical diseases, including surgery or infarction of the heart or brain within the last 3 months. These illnesses were excluded by clinical interview, physical examination, and comprehensive laboratory workup focusing on parameters indicative of inflammation. Age- and sex-matched healthy volunteers with no lifetime or current diagnosis of any psychiatric disorder served as controls and underwent the same diagnostic procedures as the depressed patients to rule out any of the abovementioned exclusion criteria.

The study protocol was approved by the ethical committee of the Institute. Written informed consent was taken from all the patients and the controls. All the patients were interviewed by experienced psychiatrists. In the depressed patients, the psychopathology was quantified by the Hamilton Rating Scale for Depression (HRSD); 17-item version\[[@ref17]\] and Beck Depression Inventory (BDI).\[[@ref18]\] Controls who met the inclusion criteria were also interviewed to exclude any psychiatric illness and were also administered the BDI and HRSD.

Immunological parameters in the depressed patients were assessed before treatment and at the end of 8 weeks of antidepressant medication. The HRSD and BDI scores were also assessed after 8 weeks of antidepressant medication. Immunological parameters of the controls were also assessed for comparison with the depressed patients before treatment.

Peripheral blood (6 and 4 ml) was collected from each participant into vacutainers by venipuncture between 0900 h and 1200 h. The blood in the 6 ml vacutainer was used to assess the cell-mediated immunity status by measuring the NK cells, CD4, and CD8 cells on the same day of collection of blood sample using flow cytometry method. The flow cytometry machine used was BD FACS Calibur four-color flow cytometry (manufactured by BD Biosciences Becton, Dickinson and Company, 2350 Qume drive, San Jose, CA, USA 95131-1807). Serum was obtained from the blood of the 4 ml vacutainer by centrifuging at 1000 X g for 10 min and then storing the serum at −70°C. To prevent wastage of ELISA kits, serum samples were stored till 30 frozen samples were available and then these were thawed at room temperature and later quantitative determination of the humoral immunity status was carried out by measuring IL-2, IL-6, and CRP levels by enzyme immunoassay method with ELISA kits (manufactured by DIACLONE, 1, Bd A Fleming, BP 1985, 25020 Besancon Cedex, France).

The depressed patients were prescribed either serotonin-specific reuptake inhibitors or tricyclic antidepressants by treating psychiatrist. Benzodiazepines (lorazepam/clonazepam/alprazolam) were prescribed in some patients for short duration as required.

Statistical analysis {#sec2-1}
--------------------

Data was analyzed with SPSS statistical software. Descriptives were quoted as the mean ± standard deviation (SD). BDI and HRSD scores were quoted as median scores. Comparison of immune parameters between the depressed patients and controls was done with "unpaired *t*-test." Comparison of immune parameters of depressed patients before and after treatment was done using the "paired *t*-test." Comparison of BDI and HRSD score in depressed patients before and after treatment was done using the Mann--Whitney U-test. *P* ≤ 0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

The study group consisted of 50 participants, 33 males and 17 females; mean age was 37.22 (SD-12.21) and body mass index (BMI) was 23.33 (SD-3.07). Control group had 33 males and 17 females; mean age was 38.33 (SD-10.95) and BMI was 23.70 (SD-2.61). There was no statistically significant difference in age (*P* = 0.68) or BMI (*P* = 0.512) between the two groups. The mean HRSD and BDI scores were significantly higher in the depressed group as compared to the control group as determined by the Mann--Whitney U-test (*P* ≤ 0.001) \[[Table 1](#T1){ref-type="table"}\].

###### 

Depression and immunological parameters (depressed group before treatment and control group)

![](IPJ-26-201-g001)

Comparison of the cell-mediated immune markers revealed NK cells to be significantly higher in the depressed group than in the control group (*P* ≤ 0.001). The CD4 Cells were significantly higher in the control group than in the depressed group (*P* = 0.003). CD8 Cells were also significantly higher in the control group than in the depressed group (*P* = 0.001). There was no significant difference between the CD4 and CD8 ratios \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

![Comparison of cell-mediated immune markers in control group and depressed patients before and after treatment](IPJ-26-201-g002){#F1}

Comparison of the humoral immune markers revealed that the IL-2 levels (in pg/ml) were higher in the control group than in the depressed group though it did not differ significantly (*P* = 0.586). IL-6 levels (in pg/ml) were marginally higher in the depressed group than in the control group, and the difference was not statistically significant (*P* = 0.973). CRP levels (in μg/ml) were higher in the depressed group than in the control group and differed significantly (*P* ≤ 0.001) \[[Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

![Comparison of humoral immune markers in control group and depressed patients before and after treatment](IPJ-26-201-g003){#F2}

Comparison of the psychometric and immunological parameters of depressed patients before treatment and after treatment revealed that the mean HRSD and BDI scores had reduced significantly in the depressed patients after 8 weeks of treatment (*P* ≤ 0.001) \[[Table 1](#T1){ref-type="table"}\]. The markers of cell-mediated immunity: NK cells, CD4, and CD8 had all increased significantly following treatment (*P* ≤ 0.001). However, there was a fall in the CD4:CD8 ratio though the difference was not significant (*P* = 0.023) \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. The humoral immunity markers showed highly significant fall in CRP and IL-2 levels in depressed patients after treatment (*P* ≤ 0.001). IL-6 levels were raised significantly in the patients after antidepressant treatment (*P* ≤ 0.001) \[[Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

DISCUSSION {#sec1-4}
==========

Immunological changes in depressed persons have been reported by numerous studies.\[[@ref13][@ref14][@ref19]\] However, even meta-analysis have questioned whether there are consistent changes in cellular and humoral immunity in depression.\[[@ref5]\] This is due to the heterogeneity of depression and the numerous moderating clinical and biological factors which may account for the lack of consistency in results.

Previous studies report higher prevalence and incidence of depression in women.\[[@ref1]\] The smaller number of females in this study was because the hospital where the study was conducted allows admission of only male inpatients in the psychiatry ward.

Comparison of depression rating scores using HRSD and BDI showed significantly higher mean scores in the depressed group compared to controls at baseline (*P* = 0.00). The HRSD and BDI scores were significantly lower in the depressed group after 8 weeks of antidepressant treatment (*P* = 0.00) \[[Table 1](#T1){ref-type="table"}\].

When cellular immunity was evaluated, the mean NK cells were noted to be significantly higher in the depressed group before treatment compared to healthy matched controls (*P* = 0.00). Most other studies have reported mild reductions in absolute NK cell counts in depressed individuals.\[[@ref20]\] However, a study found circulating NK cells were elevated in depressive illness and varied as a function of depressive subtype and sex.\[[@ref21]\]

The mean NK cell counts in depressed group posttreatment were significantly higher than before treatment. This is in agreement with other studies which have suggested that depression leads to suppression of the cellular immunity which resolves with antidepressant treatment.\[[@ref22][@ref23]\]

In the present study, the mean CD4 and CD8 cells were significantly lower in the depressed group before treatment compared to healthy matched controls. This finding is in agreement with studies which revealed decreased CD4 counts.\[[@ref13][@ref24]\] However, a few studies have found increase in CD4 counts in depressed individuals.\[[@ref5][@ref25]\] Since 2001, most studies have reported an increase in CD4 levels. It has been reported that in acute stress the CD8 cell counts are increased, while in chronic stress, both CD4 and CD8 counts are decreased and there were no significant differences in CD4 and CD8 counts in depression.\[[@ref19]\] Probably, it would have been easier to substantiate these findings if the assessment of stressors was carried out. However, the finding of immunosuppression as regards cellular immunity in depression is supported by evidence such as patients with major depression have been noted to have a marked decrement in their ability to generate lymphocytes that respond to the herpes zoster virus.\[[@ref20]\]

The mean CD4 and CD8 cell counts in depressed group posttreatment were significantly higher than before treatment. This is in agreement with other studies which have suggested that depression is an immunosuppressive state with regard to cellular immunity, which normalizes after depression resolves.\[[@ref26]\]

In this study, mean IL-2 levels were found to be marginally decreased in depressed as compared to healthy controls and this difference was not statistically significant. Elevation in IL-2 (a pro-inflammatory cytokine) production in depressed individuals has been noted by other authors.\[[@ref27]\] Following antidepressant treatment, significant decrease in IL-2 levels was found in this study. This is in agreement with other studies.\[[@ref28]\] The reason proposed is that antidepressant therapy exerts an immunomodulatory effect through decrease in pro-inflammatory cytokines and also an increase in anti-inflammatory cytokines such as IL-4 and TGF-β1.

Findings of the present study did not note any significant difference in the mean IL-6 levels between depressed patients and control. This finding is contrary to what has been reported in most literature, wherein IL-6 levels have been reported to be increased in depressed subjects.\[[@ref29]\] There was significant rise in IL-6 levels in depressed patients following antidepressant treatment, which is again contrary to what has been found in other studies. However, a study has reported that depressed patients who respond to antidepressant treatment had lower IL-6 levels which increased after treatment, while those who did not respond to antidepressant medication had higher IL-6 levels at baseline.\[[@ref30]\] This agrees with our study as our patients had responded well to antidepressants and had lower IL-6 levels at baseline which increased after antidepressant therapy. This leads to an interesting conjecture that IL-6 levels could be predictors of response to therapy and merits further research.

This study found significantly higher mean levels of CRP in depressed patients compared to controls. Since depression is assumed to be a pro-inflammatory condition as per the cytokine theory of depression, CRP levels would be expected to be raised. Following treatment with antidepressants, CRP levels decreased significantly in the posttreatment-depressed patients as compared to the pretreatment group. This finding is also in agreement with other reported studies.\[[@ref5][@ref9][@ref31]\]

Depression itself remains a difficult disorder to the study. Most likely, it represents a heterogeneous group of disorders, which may each have different biological profile. It is interesting to hypothesize how subgroups of depression, such as psychotic, bipolar, neurotic, or melancholic depression, might have different immune mechanisms or profiles.\[[@ref32]\] It is still unclear whether altered markers of immunity, especially the cytokines, are responsible for the provocation of depression or merely represent an effect of depression on various systems in the body.

Limitations of the study {#sec2-2}
------------------------

There are certain limitations of the study such as small sample size (cost being a major factor) and different antidepressants being usedThere was heterogeneity of sample, wherein depression has been taken to be a unitary diagnosis including cases of dysthymia, rather than being subclassified into various types of depressive disorder.

There are many confounding variables in the study as immunological changes which have been reported in depression are often influenced by health-related behavior such as sleep, exercise, smoking, alcohol, stress, and medical comorbidities. The above notwithstanding, this study is important as there is no data available in Indian literature on the wide variety of immune parameters considered together, both before and after treatment, as in the present study.

CONCLUSION AND RECOMMENDATIONS {#sec1-5}
==============================

This study has shown that there is a change in cell-mediated and humoral immunity in depressed patients. Further, antidepressant treatment affects the immune status of depressed patients.

The implications of this study are that since there is immune dysregulation in depression, immunomodulator group of drugs might have a role in the management of depression in future. Furthermore, the pro-inflammatory changes noted in depression may merit consideration of a prospective role for anti-inflammatory drugs in its management. There is already research underway into these aspects of depression, and the result from studies such as this one could indeed change or revolutionize the pharmacological management of depression in the years ahead. TNF antagonist infliximab does not have generalized efficacy in treatment-resistant depression but may improve depressive symptoms in patients with high baseline inflammatory biomarkers.\[[@ref33]\] Use of low-dose acetylsalicylic acid may represent an adjunctive antidepressant treatment option.\[[@ref34]\] Thus, recent research is exploring fascinating new treatment options for depression.
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